Human endometrium is unique since it is the only tissue in the body that bleeds at regular intervals. In addition, abnormal endometrial bleeding is one of the most common manifestations of gynecological diseases, and is a prime indication for hysterectomy. Here, we report on a novel human gene, endometrial bleeding associated factor ( ebaf ), whose strong expression in endometrium was associated with abnormal endometrial bleeding. In normal human endometrium, this gene was transiently expressed before and during menstrual bleeding. In situ hybridization showed that the mRNA of ebaf was expressed in the stroma without any singificant mRNA expression in the endometrial glands or endothelial cells. The predicted protein sequence of ebaf showed homology with and structural features of the members of TGF-␤ superfamily. Fluorescence in situ hybridization showed that the ebaf gene is located on human chromosome 1 at band q42.1. Thus, ebaf is a novel member of the TGF-␤ superfamily and an endometrial tissue factor whose expression is associated with normal menstrual and abnormal endometrial bleeding. 
Introduction
Normal menstruation, a unique process of endometrial tissue shedding and bleeding, is a complex phenomenon that occurs during the reproductive years in women, some higher primates, and two nonprimate species; the elephant shrew ( Elephantus myuras jamesoni ) and the bat ( Glossophaga sorcinina ) (1) . This process is associated with breakdown and loss of upper layers of endometrium (functionalis) consisting of glands and their surrounding stroma after a normal ovarian cycle. The role of steroid hormones as the primary and systemic force that drives the endometrium through the exquisitely orchestrated phases of the menstrual cycle is well recognized (2, for recent reviews see references [3] [4] [5] . The elegant studies of Markee demonstrated that withdrawal from steroid hormones is responsible for the menstrual shedding of endometrium and bleeding (2) . Any aberration in the priming of endometrium by estrogen followed by progesterone leads to premature and sometimes excessive bleeding during the menstrual cycle or during menstruation. This abnormal endometrial bleeding is one of the most common disorders in women, and is one of the primary causes for hysterectomy (6) . During the reproductive years, nearly 20% of women exhibit menorrhagia (excessive blood loss during menstruation) (7, 8) , and almost every woman during her lifetime experiences episodes of abnormal endometrial bleeding (6) . The primary conditions that are associated with deranged priming of endometrium by the steroid hormones include aberrant follicular maturation, ovulation or development of corpus luteum (6, 9, 10) , and administration of steroid hormones, including progestagens (9, (11) (12) (13) . The underlying basis for dysfunctional uterine bleeding, a common gynecological disorder that affects women during the reproductive years, is also due to an inappropriate exposure of endometrium to steroid hormones. In most cases, this condition is almost always associated with anovulatory cycles, and occurs from a proliferative endometrium (6, 10) . More than 75% of abnormal endometrial bleeding in adolescents is dysfunctional uterine bleeding due to immaturity of the hypothalamic-pituitary-ovarian axis. As a result of lack of lutenizing hormone surge and anovulation, the endometrium is continuously exposed to estrogen, and the progesterone-dominated secretory phase does not develop (10). The dysfunctional uterine bleeding in perimenopausal women has a similar basis. The aging ovary does not produce an adequate amount of estrogen to induce the midcycle surge of lutenizing hormone. In these adolescents and perimenopausal women, the endometrium is continuously exposed to estrogen, and bleeding is thought to occur as a result of this unopposed estrogen exposure (9) . On the other hand, dysfunctional uterine bleeding may occur during the secretory phase, due to, for example, an inadequate luteal phase (9) . Bleeding which occurs as spotting or breakthrough-bleeding, or occasionally as heavy bleeding, may happen while the steroid hormones are being administered as a therapeutic measure or for contraception (9, (11) (12) (13) . Despite the knowledge that steroid hormones are responsible for normal and abnormal endometrial bleeding, the identity of the local and specific endometrial factors which are implicated remain largely unrecognized. Endometrium is a unique tissue, since other tissues, such as breast, despite the expression of steroid hormone receptors and response to these hormones, do not bleed at the time when the serum levels of steroid hormones have fallen and endometrium is menstruating. This fact suggests that there should be tissue-specific factors that make endometrium susceptible to bleeding. Here, we report on a novel human gene of the TGF-␤ superfamily whose expression in endometrium is confined to both the late secretory phase and during endometrial bleeding. Processing of endometria. Endometrial tissues were obtained as biopsy or curettings from hysterectomy specimens of normal fertile women who underwent these procedures for nonendometrial abnormalities such as ovarian or cervical lesions. In addition, endometrial samples were obtained from a group of patients with endometrial bleeding. The age, menstrual cycle history, date of endometrium, type of bleeding, and other associated clinical findings in these patients are presented in Table I . The endometria of these patients, consistent with anovulatory and ovulatory cycles exhibited a proliferative and secretory pattern, respectively. In patients whose endometrium had a proliferative pattern, bleeding was the major reason for hysterectomy (see Table I ). Hysterectomy specimens and each endometrial biopsy sample were rapidly processed. The date of endometrium was determined based on the morphologic evaluation of hematoxylin and eosin-stained endometrial sections using established criteria of Noyes and Hertig (14) . Each endometrial sample was aliquoted as required. Most tissues, however, were used as follows: ‫ف‬ 10% of each sample was processed for paraffin sectioning and morphologic examination; ‫ف‬ 70% was flash frozen in a dry ice/ethanol bath for isolation of RNA; and the remaining 20% was frozen in OCT mounting medium (Tissue-Tek II; Miles Laboratories, Inc., Naperville, IL) for cryostat sectioning and in situ hybridization studies.
Methods

Materials
Differential display. Differential display was performed as described (15, 16) . Briefly, cDNA synthesis was carried out using an anchored oligo-(dT). The quality of cDNA was verified by PCR using gene-specific primers to actin which would produce a specific product of defined length detectable by agarose gel electrophoresis. The templates for differential display consisted of cDNAs prepared from total RNAs isolated from endometria from various phases of the menstrual cycle. These included two cases of proliferative endometria, three cases of postovulatory day 5 endometria, one case of postovulatory day 12 endometrium, one case of postovulatory day 14 endometrium, and one case of menstrual endometrium. The cDNAs were amplified with several primer sets. The amplified products from different cDNAs were size-fractionated on a denaturing polyacrylamide gel. Several amplified products were differentially expressed throughout the menstrual cycle. The primer set consisting of an anchored oligo-(dT) (AAG CTT TTT TTT TTT C) and an arbitrary primer (AAG CTT GAT TGC C) led to the identification of two differentially expressed PCR products. One of these products, present in the late secretory/menstrual endometria, was removed from the sequencing gel from the lane that contained the amplified products from postovulatory day 12. This band was reamplified, and was run on a sequencing gel along with the amplified product of the postovulatory day 12 sample. The mobility of the reamplified band was the same as that seen in the amplified product from the postovulatory day 12 sample. The cDNA of the reamplified product was cloned using a T-tailed vector (pBluescript II KS Ϫ ) (17, 18) . To assure that the cloned product is derived from the same gene, seven independent clones were sequenced (19) , and were found to contain an identical 300-bp sequence.
Isolation of RNA and Northern blotting. The RNA was extracted by using acid guanidinium thiocyanate-phenol-choloroform extraction method as described (20). Briefly, the tissues were homogenized in RNA STAT-60 ™ . Each 50-100 mg of tissue was homogenized in 1 ml of RNA STAT-60 ™ in a glass or Teflon Dounce homogenizer. Each homogenate was stored for 5 min at room temperature to permit the complete dissociation of nucleoprotein complexes. Then, 0.2 ml of chloroform was added for each milliliter of RNA STAT-60 ™ used. Each sample was covered and shaken vigorously for 15 s, and allowed to stand at room temperature for 2-3 min. After centrifugation at 12,000 g for 15 min at 4 Њ C, each homogenate was separated into a lower phenol/chloroform phase and an upper aqueous phase. RNA in the upper aqueous phase was transferred to fresh tubes and mixed with isopropanol to precipitate the total RNA. After centrifugation and drying, the precipitated RNA was dissolved in diethylpyrocarbonate (DEPC)-treated water by vigorous pipetting and by a gentle heating at 55-60 Њ C. The amount of RNA in each sample was determined spectrophotometrically, and its quality was evaluated by the integrity of ribosomal RNA by electrophoresis of 20 g of total RNA in 1% formaldeyde-agarose gel in the presence of ethidium bromide. Northern blotting was done as described (21) . Briefly, 20 g of total RNA of each sample was denatured at 65 Њ C in a RNA loading buffer, electrophoresed in 1% agarose containing 2.2 M formaldehyde gel, and blotted onto a Hybond nylon membrane using a positive pressure transfer apparatus (Posiblot; Stratagene Inc.). The RNA was fixed to the membrane by UV crosslinking. Using the Prime-a-Gene kit, cDNA was labeled with [ 32 P] to a high specific activity, and purified by Nick columns. Membranes were prehybridized in 50% formamide, 10 ϫ Denhardt's solution, 4% saline sodium citrate (SSC), 0.05 M sodium pyrophosphate, and 0.1 mg/ml of denatured herring sperm DNA at 42 Њ C for 2-4 h and hybridized for 16 h at 42 Њ C with 10 6 cpm/ml of heat-denatured probe in the same buffer containing 10% dextran sulphate. Then, membranes were sequentially washed three times in 4 ϫ SSC, one time in 0.5 ϫ SSC, and then one time in 0.1 ϫ SSC. All washes contained 0.1% sodium dodecyl sulphate (SDS), and were done at 65 Њ C for 20 min each. The membranes were subjected to autoradiography at Ϫ 70 Њ C with intensifying screens. The same blot was stripped and reprobed for GAPDH. To reprobe a blot, the probe was stripped from the membrane in 75% formamide, 0.1 ϫ saline sodium phosphate ETDA (SSPE), and 0.2% SDS at 50 Њ C for 1 h. The relative abundance of mRNA in each band in the autoradiograms was quantitated by laser scanning densitometry. The relative optical densities of the GAPDH bands were used to normalize the relative optical densities of the bands from the ebaf mRNA.
In situ hybridization. Digoxigenin-labeled sense and antisense RNAs of ebaf were synthesized by in vitro transcription of the fulllength cDNA cloned into pBluescript ® SK Ϫ using digoxygenin dUTP. After alkaline hydrolysis, the probes were subjected to agarose gel electrophoresis to determine the size of the digested RNA fragments.
Dot blotting was performed on the RNA fragments to assure that they were labeled. In situ hybridization was performed as previously described (22, 23) . Briefly, frozen sections of endometria were mounted on silane-coated RNAse-free slides, and fixed in 4% formalin in PBS for 15 min at 4 Њ C. The tissue sections were rinsed in 2 ϫ SSC and then treated with proteinase K (1 g/ml in 0.1 M Tris, 50 mM EDTA, 20 min, 37 Њ C) and acetylated for 10 min in 0.1 M triethanolamine (pH 8.0), 0.9% sodium chloride, and 0.25% acetic anhydride. The slides were dipped once in 2 ϫ SSC, and then were dehydrated in ascending series of ethyl alcohol, and air-dried. The slides were prehybridized for 1 h at 37 Њ C in 50% formamide, 1 ϫ Denhardt's solution, and 500 g/ml tRNA, 0.3 M sodium chloride, 10 mM Tris, 1 mM EDTA (pH 8), and 10% dextran sulfate. Then, sections were incubated at 55 Њ C overnight in the same solution containing the appropriate concentration of the probe. The amounts of labeled probes needed were empirically determined first by a series of in situ hybridization experiments using various dilutions of the probes. Sense probe was used as the control. After hybridization, slides were washed three times for 10 min each at room temperature in 2 ϫ SSC, and the excess SSC was removed. The sections were then incubated with RNAse A (20 g/ml) in 500 mM NaCl, 1 mM EDTA, and 10 mM Tris-HCl (pH 8) at 37 Њ C for 30 min to remove the nonhybridized RNA. The sections were washed three times at room temperature, for 15 min each, in 2 ϫ SSC, 1 ϫ SSC, and 0.5 ϫ SSC and a final wash in 0.1 ϫ SSC at 55 Њ C for 45 min. Slides were washed in 100 mM Tris (pH 8), 150 mM sodium chloride for 10 min. Then, the sections were blocked in 5% normal horse serum in the same buffer for 20 min at 37 Њ C. Slides were incubated with alkaline phosphatase-labeled, antidigoxygenin antibody for 1 h at 37 Њ C, washed, and developed in a mixture of Nitroblue tetrazolium salt (NBT) and 5-bromo-4-chloro-3-indolyl phosphate (BCIP).
Metaphase cell preparation and fluorescence in situ hybridization (FISH).
Metaphase spreads were obtained from PHA-stimulated lymphocytes of normal human peripheral blood. G-banding was performed on air-dried slides after they were aged for 1 wk. The banded metaphase chromosomes were examined and photographed with a MAX-BX 40 Olympus microscope using a UWplan FL ϫ 100 objective (dry lens). The coordinates of each metaphase were recorded. The slides were then destained with two changes of 3:1 methanol/acetic acid for 5 min each, and air-dried. The full length ebaf cDNA was used as the probe in the FISH.
Results and Discussion
Identification of ebaf by differential display. We were interested in testing the hypothesis of whether gene(s) exist whose expression in endometrium is confined to the premenstrual/menstrual period. We reasoned that the genes that are involved in the process of menstrual bleeding potentially will be expressed immediately before and during menstruation. To test the hypothesis, we used differential display and looked for gene(s) whose expression in endometrium was confined to the late secretory/menstrual phase. We identified a major band in the differential display gel whose expression, consistent with our hypothesis, was found in postovulatory days 12 and 14 and the menstrual endometria. A GenBank nucleotide BLAST search revealed the sequence of this band to be 100% identical to the expressed sequence tag (EST) cDNA clone 137335 3 Ј that has been derived from human placenta. To obtain the full-length coding sequence of this gene, we screened a human placental Figure 1 . Northern blot analysis of ebaf in human endometrium throughout the menstrual cycle. (Top) 20 g total RNA from each endometrium was subjected to Northern blot analysis using a 300 bp at the 3Ј end of the ebaf cDNA, or the entire cDNA as the probe. As shown, a band of mRNA in the size of 2.5 kilobase (kb) was detected only in the late secretory and menstrual endometria. The ebaf mRNA was not detectable in endometrium during the proliferative phase, or in early (postovulatory days 1-5) or midsecretory (postovulatory days 6-8) phases of the menstrual cycle. The integrity of RNA and equal loading was verified by staining the 18s and 28s ribosomal RNAs (not shown) and hybridization of the blots with a probe to GAPDH. MP, mid proliferative; LP, late proliferative. (Bottom) The relative optical densities of the ebaf and GAPDH mRNA bands were determined by laser scanning densitometry. The bottom panel shows the relative optical density ratios of the ebaf/GAPDH bands. Figure 2 . Northern blot analysis of ebaf mRNA expression in normal tissues. (Top) 20 g total RNAs from normal tissues was subjected to Northern blot analysis using the full-length ebaf cDNA as the probe. The integrity of RNA was verified by staining the 18S and 28S ribosomal RNA (not shown) and hybridization of the blots with a cDNA probe to GAPDH. The tissues in lanes 1-12 were, respectively, as follows: lung, kidney, ovary, liver, colon, rectum, spleen, lymph node, pancreas, testis, stomach, and stomach mucosa. Lane 13 is a positive control RNA sample from endometrium of a patient with endometrial bleeding showing the ebaf mRNA band (see Fig. 4 ). Whereas GAPDH mRNA was detected in these tissues, the ebaf mRNA was not detectable in tissues other than endometrium.
library with the 300-bp fragment. Three independent clones with a 2.0-kb cDNA insert were identified and sequenced in both directions, and cDNA of one of these clones ( ebaf ) was used in the following studies.
Expression of ebaf mRNA in normal human endometrium throughout the menstrual cycle. Northern blot analysis showed that in normal human endometrium, the expression of the ebaf mRNA was menstrual cycle phase-specific. The ebaf mRNA in human endometrium was transiently expressed in the late secretory/menstrual phase (Fig. 1) . The size of the ebaf mRNA species detected in all endometria was ‫ف‬ 2.5 kb (Fig. 1) . The expression of ebaf mRNA could not be detected in endometria in the proliferative or early and midsecretory phases of the menstrual cycle (Fig. 1) . Northern blot analysis failed to reveal the presence of 2.5 kb ebaf mRNA in a number of normal tissues including lung, kidney, ovary, liver, colon, rectum, spleen, lymph node, pancreas, testis, and stomach (Fig. 2) . In situ hybridization confirmed the findings of Northern blot analysis. Sections of late secretory endometria exhibited hybridization signals with the antisense ebaf RNA probe in the stroma. Within stroma, the mRNA expression was confined to predecidualized stromal cells in the upper layers of endometrium underlying the surface epithelium (Fig. 3, A and  B) . In the same endometria, the stroma in the basal part of the endometrium overlying the myometrium failed to exhibit evidence of mRNA expression (data not shown). In these endometria, with exception of a few glands located near the surface epithelium, virtually no ebaf mRNA expression could be identified in the epithelial cells. On the other hand, sections of late proliferative endometria failed to show any hybridization signal with the antisense ebaf RNA probe (Fig. 3, C and D) . Endothelial cells (arrows, Fig. 3, A-D) did not exhibit hybridization signals with the antisense ebaf probe. All endometria exhibited hybridization signals with a digoxygenin-labeled antisense GAPDH RNA probe, but not with the sense ebaf RNA probe (data not shown). This finding suggests that expression of ebaf mRNA occurs primarily in stromal cells that have been predecidualized. The Northern blot and in situ hybridization data suggest that the expression of ebaf in the human endometrial stroma may be considered as part of the premenstrual/ menstrual molecular repertoire which is expressed before and during menstrual shedding.
Expression of ebaf mRNA in endometria of patients with endometrial bleeding. The findings suggested that the ebaf expression may be closely associated with endometrial bleeding. To validate this hypothesis, endometria were obtained from a group of patients with endometrial bleeding. Dating of these endometria showed some to be in the proliferative phase, and others to be in the secretory phase (Table I) . In most patients, organic lesions that could account for the endometrial bleeding could not be found. In three patients, however, the endometrial bleeding was associated with the presence of uterine leiomyoma (Table I ). The mRNA of ebaf was strongly expressed in endometria of these women (Fig. 4) . Interestingly, the expression of mRNA of ebaf was observed in endometrium regardless of whether the bleeding endometrium was in the proliferative, early, or midsecretory phases of the menstrual cycle when no expression of the gene was expected. These findings validate the hypothesis that endometrial bleeding is associated with the expression of ebaf mRNA in human endometrium.
Characterization of full-length ebaf cDNA. In view of these findings, the clones containing the longest cDNAs of ebaf were isolated from a placental library and sequenced (19) . Within the ebaf cDNA, a consensus polyadenylation signal was present eight bases upstream from the poly-A tail (Fig. 5) . GenBank search revealed that the deduced amino acid sequence of ebaf shows a great amount of identity and similarity with the known members of the TGF-␤ superfamily (Table II) . The predicted protein sequence of ebaf showed a strong homology to the mouse lefty/stra3 (24, 25) . The deduced amino acid sequence of ebaf protein is 77% identical and 83% similar to lefty protein (Fig. 6) . A motif search revealed that the pre- Figure 4 . Northern blot analysis of ebaf mRNA expression in endometria of patients with endometrial bleeding. (Top) 20 g total RNAs from endometria of patients with endometrial bleeding was subjected to Northern blot analysis using the full-length ebaf cDNA as the probe. The integrity of RNA was verified by staining the 18s and 28s ribosomal RNA (not shown) and hybridization of the blots with a cDNA probe to GAPDH. The endometria were dated to the proliferative, early, and midsecretory phases. The mRNA of ebaf is strongly expressed in all endometria irrespective of whether the endometrium was in the proliferative or secretory phase of the menstrual cycle. In most patients with endometrial bleeding, no organic lesions that could account for the bleeding were detected. Three patients had leiomyomata (lanes 8, 9, and 12 from left). (Bottom) The relative optical densities of the ebaf and GAPDH mRNA bands were determined by laser scanning densitometry. The bottom shows the relative optical density ratios of the ebaf/GAPDH bands.
Table II. The Extent of Identity and Similarity Between the ebaf and Other Members of the TGF-␤ Superfamily
The deduced amino acid sequence of ebaf was aligned with the amino acid sequences of various members of the TGF-␤ superfamily using the CLUSTAL program, and the percent identities and similarities were calculated (32) . Except for lefty, GDF-3, and GDF-9, all other sequences were from humans. ebaf, endometrial bleeding associated factor; MIS, mullerian inhibiting factor precursor; TGF-␤ 1 , transforming growth factor ␤ 1 precursor; BMP-7, bone morphogenetic protein-7 precursor; TGF-␤ 3 , transforming growth factor ␤ 3 precursor; INH-␤ A, inhibin-␤ A chain precursor; GDF-9, growth differentiation factor-9; GDF-3, growth differentiation factor-3.
dicted ebaf protein contains most of the cysteine residues which are conserved among the TGF-␤-related proteins (26) , and which are necessary for the formation of the cysteine knot structure (27, 28) (Fig. 7) . The ebaf sequence contains an additional cysteine residue, 12 amino acids upstream from the first conserved cysteine residue. The only other family members known to contain an additional cysteine residue are TGF-␤s, inhibins, and GDF-3 (26, 29) . ebaf, similar to lefty, GDF-3/ Vgr2, and GDF-9, lacks the cysteine residue that is known to form the intermolecular disulfide bond (29, 30) . Therefore, ebaf appears to be an additional member of the TGF-␤ superfamily with an unpaired cysteine residue that may not exist as a dimer. Nevertheless, it has been suggested that, in GDF-3 and GDF-9 (which also lack such a cysteine residue) hydrophobic contacts between the two monomer subunits may promote dimer formation (26) . Whereas the carboxy terminus of the TGF-␤ family is usually CX1CX1, ebaf has a longer COOHterminal sequence, CX1CX19 (Fig. 5) . In addition, the members of the TGF-␤ superfamily are synthesized as preproproteins, which are cleaved at RXXR site to release the mature form of the protein. The predicted protein of ebaf exhibits two such RXXR sites that are located at amino acid residues of 73-76 and 131-134, respectively (Fig. 5) . If one of these sequences is the cleavage site, a mature protein of 294 and 236 amino acids should be produced. The deduced amino acid sequence of lefty also contained two potential cleavage sites at amino acid residues of 74-77 and 132-135 with mature proteins of 291 and 233 amino acids (24) . In the case of lefty, the expression of the protein in 293T cells led to formation of a nonsecretory, 42-kD protein which is the size of the preproprotein (24) . Expression in BALB/3T3 cells, on the other hand, led to the release of processed, 25-and 32-kD proteins in the conditioned media of Figure 5 . Nucleotide and deduced amino acid sequences of ebaf. The nucleotide sequence of ebaf contained an open reading frame with an initial methionine codon that conformed to the Kozak consensus (GCACCATG) sequence (32) . The potential signal peptide is underlined, the putative tetrabasic processing sites (RGKR and RHGR) are shown in bold, and the potential glycosylation site is circled (arrow). A consensus polyadenylation signal (AATAAA) was present eight bases upstream from the poly-A tail of ebaf cDNA. The sequence was deposited in GenBank database under accession number; Bankit84646ᮀU81523. base 189 to 639 was sequenced using the following primers: (5Ј TCA GCG AGG TGC CCG TAC T 3Ј, 5Ј TCA CGT CGA AGG CCT TC 3Ј and 5Ј TCA GGG TCA CAG TCG CCC 3Ј). The sequence of this region was identical to the sequence in the same region of the placental cDNA.
Chromosomal localization of ebaf gene. For chromosomal localization of the ebaf gene, 48 metaphase spreads were analyzed for the presence of FITC-labeled fluorescent signals. Specific hybridization spots on the long arm of chromosome 1s were found in 43 metaphases. The majority of these metaphases (Ͼ 75%) have revealed two signals on each chromosome (one signal on each chromatid) (Fig. 8) . High-resolution the cell cultures, corresponding to cleavage at the first and second RXXR sites, respectively (24) . Therefore, the processing of the protein and cleavage in the first versus the second RXXR site may be dependent on the cell type that expresses the protein.
To verify that the endometrial ebaf is the same as that found in the placenta, the cDNAs from several late secretory endometria were amplified with a primer set (5Ј primer; TCA GCG AGG TGC CCG TAC T, 3Ј primer; AGT TCT TAG AGC TGA AGC CC). The product amplified from these endometria were of the expected size (1,600 base pairs). This fragment was cloned. A stretch of 450 bases of this clone from Figure 7 . Comparison of the deduced amino acid sequence of ebaf and those of other members of the TGF-␤ superfamily. The sequences of the human transforming growth factor (TGF)-␤ 1 precursor, mullerian inhibiting factor precursor (MIS), bone morphogenetic protein (BMP)-7, inhibin-␤ A chain precursor (INH-␤A) and the sequences of the mouse growth differentiation factor (GDF)-3, GDF-9, and lefty were aligned by the CLUSTAL program (33) with the sequence of the ebaf to show the conserved cysteine residues (boxed). Gaps were introduced by the program for achieving the best alignment.
G-banding of chromosome 1s and the same chromosomes hybridized with FITC-labeled ebaf gene were compared to determine the location of the hybridization signals. Fig. 7 shows the physical mapping of FITC-labeled ebaf gene to the long arm of chromosome 1. A schematic diagram of the high-resolution G-banded chromosome 1q (550 bands) shows the precise location of the ebaf gene on chromosome 1, at band q42.1 (Fig. 8) .
In addition to the sequence similarity, ebaf and lefty share several other features. In situ hybridization revealed that the transient expression of ebaf was primarily confined to the mesenchymal cells of the endometrial stroma rather than the epithelium or endothelium. The lefty mRNA was also transiently expressed in the mesoderm in the left half of the gastrulating mouse embryo just before the first sign of lateral symmetry appeared (24) . ebaf gene is located on human chromosome 1. Similarly, the location of the lefty has been provisionally assigned to chromosome 1 (24) . Taken together, the available data show that ebaf is a new member of the TGF-␤ superfamily. In view of chromosomal localization, great homology in the cDNA, and the predicted protein sequences and other structural features, ebaf may represent the human homolog of mouse lefty.
Steroid hormones are the systemic signals whose withdrawal leads to endometrial bleeding and tissue shedding. On the other hand, ebaf may be a member of the family of genes that locally participates in the expression of these characteristic attributes of human endometrium. Recent evidence suggests that expression of certain members of matrix metalloprotease family (MMP) that degrade extracellular matrix appears at defined and distinct time periods during menstrual bleeding (31, for a recent review see reference 4). These findings support the viewpoint that specific genes exist in human endometrium that locally regulate the processes leading to endometrial bleeding. ebaf may be a component of the molecular repertoire that locally participates in normal menstrual as well as abnormal endometrial bleeding. 
